The Project for Intercomparison of Land Surface Parameterization Schemes (PILPS) Phase 2(e) This analysis could not have been completed with the efforts of the PILPS 2@) participants who performed the simulations of the thirteen models presented here. These are: Douglas B.
showed that in cold regions the annual runoff production in Land Surface Schemes (LSSs) is closely related to the maximum snow accumulation, which in turn is controlled in large part by winter sublimation.
To help further explain the relationship between snow cover, turbulent exchanges and runoff production, a simple equivalent model(SEM) was devised to reproduce the seasonal and annual fluxes simulated by 13 LSSs that participated in PILPS Phase 2(e). The design of the SEM relates the annual partitioning of precipitation and energy in the LSSs to three primary parameters: snow albedo, effective aerodynamic resistance and evaporation efficiency. Isolation of each of the parameters showed that the annual runoff production was most sensitive to the aerodynamic resistance.
The SEM was somewhat successful in reproducing the observed LSS response to a decrease in shortwave radiation and changes in wind speed forcings. SEM parameters derived from the reduced shortwave forcings suggested that increased winter stability suppressed turbulent heat fluxes over snow. Because winter sensible heat fluxes were largely negative, reductions in winter shortwave radiation imply an increase in annual average sensible heat.
Introduction
The Project for Intercomparison of Land Surface Parameterization Schemes (PILPS) Phase 2(e) was designed to evaluate the ability of the current generation of land surface schemes (LSSs) used in numerical weather prediction and climate models to represent high-latitude processes.
Twenty-one LSSs were tested using observed meteorological forcing data for 218 grid cells that represented the 58,000 km 2 Torne-Kalix River basin in northern Scandinavia at a spatial resolution of 1/4 latitude and longitude (Bowling et al., 2002) .. The experimental design and summary experiment results are described in Bowling et al. (2002) . Nijssen et al. (2002) compare the simulated results with observations, and explore the inter-model differences in surface temperature, net radiation and runoff production.
The analyses of Phase 2(e) results presented by Bowling et al. (2002) and Nijssen et al. (2002) show that among all the models, annual runoff production is closely related to the maximum snow accumulation, which in turn is controlled in large part by winter sublimation. Models that detain more of the snow meltwater either as surface water storage or in the soil column, tend to generate a more attenuated hydrograph, which better matches observations (Nijssen et al., 2002) . However, the analyses in Bowling et al. (2002) and Nijssen et al. (2002) In Section 5, the SEMs are used to explore the results of an inadvertent reduced wind speed and shortwave radiation 'experiment' conducted as part of PILPS Phase 2(e).
Study Areas
Five sub-regions of the Torne-Kalix River basins were chosen for analysis, as illustrated in Figure 1 . The sub-regions are each composed of four 1/4°model grid cells and were selected to 3/38 
Simple Equivalent Model Description
The procedure used closely follows the methods of Koster and Milly (1997) and Gedney et al. (2000) , with the addition of an energy-balance snow model and explicit tracking of the snowcovered and snow-free fractions, as illustrated in Figure 3 . The energy balance of the snow pack is expressed as:
We'Pi'Cp At and Ore = P"(q'at(T')-qai_/_r;
and " Qh = IOa " CPair (Ts -Tai_/_r a " One departure from the method of Gedney et al. (2000), is that total evapotranspiration from snow-free ground, Ec, is solely a function of the total available energy at the ground surface.
That is, there is no dependence of evaporation on soil moisture. This simplification was justified by the preliminary analysis in Section 2, which indicated that evaporation was largely independent of soil wetness in the five selected sub-regions. In addition, preliminary 7/38 experiments with simple models that included a moisture-dependence in the estimation of snow-free evaporation yielded a slight decrease in the ability to estimate annual evaporation for some models.
Total runoff is calculated as a piecewise linear function of the root zone soil wetness, in a manner similar to the root-zone drainage calculation used by Koster and Milly (1997) , as follows:
where g is the unitless soil wetness as defined by Eq. (1) To further explore the sensitivity of mean annual runoff to the aerodynamic resistance, albedo, snow cover fraction and evaporation efficiency, a sensitivity analysis was conducted in which each of these parameters was systematically fixed to the same value for all models for all years.
In the case of snow cover fraction, the fixed value(s) were the average over all models of the monthly snow cover fractions. Snow albedo likewise was fixed at the average over all models, but was not changed seasonally. Figure 9a shows annual runoff for Region 2 predicted by each of the SEMs when snow cover fraction, albedo, resistances and evaporation parameters were fixed for all models and regions, listed in However, these differences are small compared to the differences between the fixed case and the original runoff estimation using the simplified model (Figure 9b ). Figures 9c -9f show the percent difference between the perturbed run and the fixed run for the following perturbations:
(1) fixed R_'s and AT,.rit, (2) fixed Eo, and ft.,s, (3) fixed albedo and (4) Figure 10 , the situation is less clear for Region 5, which has overstory vegetation. In
Region 5, aerodynamic resistance and evaporation efficiency still show the most sensitivity for most models, but the results are less consistent, and the differences in runoff formulations seem to play a larger role. (1) and (2) was a decrease in annual sensible heat flux for all of the models, as shown in Figure 11 for Region 2. Annual latent heat also decreased, but to a lesser extent. Snow pack evolution and runoff production showed little change.
Sensitivity
The SEM is a useful tool to interpret the behavior of the LSSs as a result of changes in the wind speed and shortwave radiation.
To incorporate both the effect of shortwave radiation and wind speed, which is not used in the SEM, the SEM parameters were re-estimated using the experiment (2) LSS results. The total available energy forcing for each of the simplified models was adjusted to reflect the experiment (2) forcing conditions, and the SEM simulations were repeated. The change in energy partitioning resulting from the SEM calculation is shown in Figure 12 for 
7.
respectively. A sample of the fitted regression lines are shown in Figure A1 (a) .
The parameters for snow-free evaporation were found by partitioning the monthly time series of available energy and evaporation into snow covered and snow-free periods.
When the snowcovered fraction was less than 10 percent the entire grid cell was considered snow-free. The parameters of the snowmodel werederivedusingdaily time seriesof the air temperature and surfacepressureforcings and the surfacetemperatureand sensibleheat flux variables returnedby eachmodel for days on which the snow cover fraction as determinedby each model exceeded90%. Examinationof plots of LSS simulatedQh versus Pa" CPair( T, -T,,ir), indicated that most models demonstrate two distinct modes of behavior, due to the utilization of corrections for the stability of the atmosphere, as shown in Figure A. 1 (c 
